Exposure 
O
ver the past few decades, asthma and other allergic diseases have been increasing worldwide. These diseases are responsible for significant morbidity and high health-care costs 1 and constitute an important public health problem in Latin America and Mexico. 2, 3 A prevalence of 7% has been reported for allergic rhinitis among adults in Latin America, 4 and 12% for asthma 5 and 26% for allergic rhinitis among children in Mexico. 6, 7 These diseases are responsible for a significant use of medical resources, 8 school absenteeism, 9 poor quality of life, and high socioeconomic costs. 10 The National Institute of Respiratory Diseases (Instituto Nacional de Enfermedades Respiratorias) reported that asthma is the principal cause of medical attention, accounting for 32.5% of total consultations for all ages. 5 Better prevention and treatment strategies need to be implemented because of the negative impact of atopic disease on quality of life and the high cost of long-term treatment of symptoms. 11 It is therefore important to identify modifiable risk factors that could be targeted to preventive efforts. Exposure to indoor allergens is a significant risk factor for allergies and asthma in several parts of the world, [12] [13] [14] [15] and temporal and geographic variations in exposure levels are thought to partially account for variations in asthma prevalence and morbidity. 16 -18 Although numerous studies of indoor allergens have been conducted in countries with large populations, such as the United States, Australia, and France, many have focused on single allergens and/or selected populations. [12] [13] [14] [15] 19 Furthermore, allergens have been shown to come from a variety of both indoor and outdoor sources. Common indoor allergen sources include animal dander, cockroaches, house-dust mites, and molds. In addition, prior work suggests that allergen levels vary according to socioeconomic, racial/ethnic, and environmental factors. 20 Salo and colleagues 21 assessed ex-posure to multiple indoor allergens in the United States and observed that exposure was strongly influenced by race and socioeconomic status (SES) and that the presence of environmental factors such as smoking, pets, and pests were important determinants of high allergen exposure. Furthermore, these authors reported that exposure to all allergens increases the risk of asthma symptoms in atopic individuals. 1 In Mexico, few studies have evaluated indoor allergens and their predictive factors. 2 As part of a birth cohort study, we had the opportunity to examine allergen levels in the homes of mothers who were recruited in a single urban area and followed during pregnancy until delivery. The present study was undertaken to determine the household and environmental factors that are predictive of the presence of allergens in homes in Cuernavaca, Mexico.
MATERIALS AND METHODS

Design and Study Population
The women participating in the present study were a subsample of those enrolled in the randomized clinical trial, "Effect of Prenatal Supplementation with Omega 3 Fatty Acids in the Infant's Neurobehavioral Development," conducted by Mexico's National Institute of Public Health in collaboration with the Mexican Social Security Institute (Instituto Mexicano del Seguro Social [IMSS]) in Cuernavaca, Mexico. The women were recruited during prenatal care visits at 18 -22 weeks of gestation from February 2005 to February 2007. These women were 18 -35 years old and planned to deliver at the IMSS General Hospital in Cuernavaca. More details on the methods of the clinical trial can be found in previous publications. 22, 23 All procedures were explained to the participants, who signed informed consent forms. The study protocol was approved by Emory University's Human Investigations Board, the Ethics Committee at the National Institute of Public Health and the IMSS General Hospital's Human Subjects Board.
The sample for this study included 264 women from the larger sample of 1094 women recruited during the third trimester of pregnancy, of which only 519 had agreed to participate in the sampling of dust inside the home before the end of pregnancy. For purposes of this study and to optimize financial resources, the sample was trimmed to those who also simultaneously had cord blood samples to quantify IgE and sufficient dust samples to determine allergens.
Household Environment Data Collection
Information about home environmental exposure was collected by interviews of the mother during a home visit conducted in the second trimester of pregnancy. The questionnaire included information about parental education, family income, and characteristics of the home (structural aspects, overall home environment, and environmental factors known to be associated with allergen exposure).
Collection and Measurement of Allergen Levels
Dust samples were collected from a subset of 264 homes at the time the questionnaire was administered (within the first 6 months of pregnancy). The samples were taken from the mother's bed and her bedroom floor, as described by Vojta et al., 24 using a vacuum cleaner (Miele 516; Miele, Princeton, NJ), sieved through a 425-M mesh screen and extracted in phosphate-buffered saline containing 0.05% Tween and 1% BSA. ng/g for Bla g 2. Each allergen was dichotomized using the respective lowest limit of detection as the cutoff point, such that concentrations higher than the limit were considered "exposure" and vice versa. In addition, overall allergen exposure was considered "high" when four or more allergens exceeded detectable levels in the same household.
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Statistical Analysis
Frequency distributions for each demographic and housing variable were computed. Two different strategies to assess the main predictors of indoor dust allergen levels were used. First, potential predictors for each allergen were evaluated separately and, subsequently, a variable encompassing the overall exposure to allergens in the dust sample was used. Allergen concentrations were dichotomized using the lowest limit of detection for each allergen as a cutoff point. With regard to overall allergen exposure, the number of allergens that exceeded detection limits and the allergen-specific thresholds for detectable levels (high levels) in each home were assessed. Exposure to multiple allergens in the home was dichotomized to reflect high (four or more allergens, exceeding detectable levels) versus low levels (zero to three allergens, exceeding detectable levels), thereby generating an index of high exposure to multiple allergens. 21 Bivariate and multiple logistic regression analyses were performed to identify factors that predicted the presence or absence of each allergen (odds ratio with 95% CIs). All potential sociodemographic and housingrelated variables were first evaluated using bivariate analyses. Variables with values of p Յ 0.20 in the bivariate analysis were selected for inclusion in the multiple regression models. To select the best models, the backward stepwise method was used with values of p Յ 0.05. Some of the variables (mother as homemaker and season) were used to adjust the final model despite not being significant. All analyses were performed using STATA Version 12.0 (StataCorp LP, College Station, TX).
RESULTS
A total of 264 households was included in this study. The average age of the mothers at the time of the study was 26 years. Most of the participants lived in multiunit dwellings (67.1%). Fifty percent of the participants had been living in their current house for Ն5 years, 43% had less than a high school education, 9.5% of mothers and 6.1% of fathers reported having atopy by questionnaire, and 34.5% of women were classified as atopic based on IgE levels (Table 1) .
Eighty-five percent of homes had at least one allergen in dust over the detection limit. Der p 1, Der p 2, Mus m 1, and Fel d 1 were the most commonly detected allergens and Rat n 1 was the least common allergen (Fig. 1 A) . There were no significant differences between sampling seasons.
Exposure to multiple allergens was common ( Fig. 1  B) , with all eight allergens detectable. A total of 51.5% (136 of the 264 houses) had four or more allergens above detectable limits and, therefore, were classified as having "high" exposure to multiple allergens. Of these high exposure households, 100% had detectable Der p 1, 98.5% had Der p 2, 96.3% had Mus m 1, 93.4% had Fel d 1, 78.7% had Der f 1, 62.5% had Can f 1, 39.7% had Bla g 2, and 24% had Rat n 1. Tables 2-4 list the main home environmental predictors of each allergen present in the households, derived from the multivariate analysis. Overall, the positive predictors of the presence of allergens included having pets in the home (cats or dogs), having pests (mice, rats, and cockroaches) or specific household characteristics such as size of the house (the smaller the home the greater the possibility of more allergens), and housing type (multiunit dwellings increase the risk). Other predictors associated with sociodemographic and environmental characteristics included having children Ͻ12 years of age in the home; age of the mattress (older); visible dampness in the home in the last 12 months (protective); and certain household practices such as cleaning frequency, use of certain deodorants and chemicals to clean the house (caustic soda and multipurpose products), use of pesticides or insecticides, and whether the mother was primarily responsible for household cleaning (protective).
The principal predictors of high exposure to multiple allergens more than four allergens) were the size of the home (large home protective), age of the mattress (older as risk), pesticide use (protective), pets in the home, and whether the mother was primarily responsible for household cleaning (protective; Table 5 ).
DISCUSSION
We found that the presence of detectable allergen levels in indoor dust was common in the homes in our study population. Approximately one-half of households had high exposure to multiple allergens, the most common being Der p 1, Der p 2, Mus m 1, Fel d 1, and Der f 1. Many environmental factors related to household and hygiene can influence detectable allergen levels in the house. The main predictors of a high allergen index in the home (after adjustment for season) were the size of the home, pesticide or insecticide use, age of the mattress, whether pets are in the home, and whether the mother was responsible for household cleaning. However, we could also observe that each allergen appeared to have a distinct set of predictors, which is similar to what has been found by studies conducted in the United States and other countries. 21, 27 Previous studies have found that family income and race/ethnicity are the main factors that predict variations in allergen levels. In our study, we did not observe a difference in exposure with SES, probably because our population was quite homogeneous. However, we found an association with certain sociodemographic characteristics and slight reductions in the presence of detectable allergen levels when the mother was primarily responsible for cleaning and in larger homes.
Local factors are also important to determine the presence of indoor allergens. Some studies have observed that high-poverty regions (considered low income) are more likely to have high levels of allergens. 17, 28 Kitch et al. 17 found that although cockroaches were most frequently found in poor houses, they were less likely to have house-dust mites and cat allergens. In the present study, cat allergens and dust mites were detected more often than other allergens; cockroaches and rats were the least frequent allergens found. This is important because indoor aeroallergens such as housedust mites, molds, and pets have been associated with allergic sensitivity in children while results obtained from skin testing for aeroallergens have been negative. 29 As has been mentioned, allergens have been shown to come from a variety of indoor sources, including animal dander, cockroaches, house-dust mites, and molds. These may vary according to socioeconomic and demographic characteristics as well as racial/ethnic and environmental factors. A study conducted in Dutch homes and schools found that exposure to allergens and ␤-(1,3)-glucans both at school and at home varied according to the SES of the children. 20 All of the aforementioned factors together can have a significant impact on health, increasing the risk of asthmatic symptoms in atopic individuals. 21 As expected, the presence of pets in the home increased the likelihood of having a high allergen index. Although having a cats or dogs in the home were significant factors for detectable levels of allergens in dust samples, allergens were not detected in every home with pets. In addition, 32% of people with pets did not keep them indoors and because the question related to pets was not specific for kind of pet, drawing a conclusion was not possible because of this limitation.
Furthermore, it is important to note that we did not find any significant association between the question about the presence of rodents or pests in the home and a high allergen index, while the use of pesticides or insecticides was associated with a de- Tables 2-4 . Although the frequency of housecleaning was not a significant predictor in the multiple allergens model, it was a predictive factor in models for each independent allergen. Based on our data, we observed that the use of some chemicals such as sodium hydroxide, known as caustic soda, and deodorants reduced the presence of some allergens, while the use of certain multipurpose products appeared to increase allergens. Contrary to what was expected, visible dampness in the home over the last 12 months was found to be a protective factor for pet allergens and pests. Nevertheless, the data showed that all households that had visible dampness also always kept a window open. Similar findings were obtained for living in a high rise building. This may be why dampness was protective for household pet allergens and pests.
Having the window open was not a consistent predictor of detectable levels of allergens. In addition, we found it protective for mite group 2 but not for others. Some studies had reported that Dermatophagoides pteronyssinus is dominant in interiors and depends on external climatological characteristics 27, 30, 31 such as temperature and humidity. In this study, although moisture or open windows were significant for some allergens, these factors were not significant for mite allergens-neither was season, probably because the temperature is warm most of the year. Indoor allergen concentrations in the carpet or bed dust were lower in this study than in reports from other parts of the world where mite infestation is greater and asthma prevalences are highest.
14 This finding might be caused by preventive measures by parents or more efforts to clean the house before the visit to collect the sample. However, we do not think these factors biased our results. In addition, risk factors may have been underreported because of prior knowledge that they are risk factors and because they are strongly associated with the cleanliness of the house.
Although the sampling for the study was conducted throughout all the seasons to capture seasonal variations in the data, we were not able to assess the seasonal variability in allergen levels in individual homes. We acknowledge that the cutoff points reported by the literature to assess the allergen burden are somewhat arbitrary and need to be interpreted with caution. 18 A potential problem may be the study sample size, which could have limited power for some of the comparisons performed, and the possibility of type 2 statistical errors can not be excluded. However, we were able to detect significant predictive factors for the primary exposures studied (size of home, pesticide or insecticide use [protective] , age of the mattress, pets in the home, and mother's responsibility for household chores) and thus these associations had sufficient power.
Several studies have used lower limits of detection to establish cutoffs for low and high exposure. In these studies, the higher the level of allergen exposure to house-dust mites and cockroaches the more likely patients were to have positive allergy skin test responses. 32 Higher levels of allergens were also strongly associated with endotoxin levels and current asthma. 21 
CONCLUSION
In summary, our results confirm the presence of "high" exposure to multiple allergens in Mexican houses. Sociodemographic factors and certain environmental indoor characteristics were strong predictors of high multiple allergen exposures. The use of pesticides or insecticides decreased the presence of detectable allergen levels. An understanding of factors that increase the risk of aeroallergen exposure in homes is important to understand the relationship between exposure and atopic conditions such as asthma and allergic rhinitis.
